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(57) ABSTRACT

A power panel and modules for use 1n a power panel are
disclosed. One disclosed chassis includes a top, a bottom, a
front, a rear, and left and right sides, and an imnput power bus
having a plurality of connection apertures therethrough. A
plurality of circuit modules are mounted within the chassis.
Each circuit module includes a circuit protection element
including first and second bullet-nosed connectors, and a
body element having first and second holes positioned to
receive the first and second bullet-nosed connectors. The
body element includes a bullet-nosed mput connector sized
to be received by one of the plurality of connection aper-
tures. Each circuit element also includes an output terminal
extending rearwardly from the body element.
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POWER DISTRIBUTION PANEL WITH
MODULAR CIRCUIT PROTECTION
ELEMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of application Ser. No.

13/246,620, filed Sep. 27, 2011, now U.S. Pat. No. 8,848,
346, which application claims the benefit of provisional
application Ser. No. 61/387,272, filed Sep. 28, 2010, which
applications are incorporated herein by reference in their
entirety.

TECHNICAL FIELD

The present disclosure relates generally to a power dis-
tribution panel. In particular, the present disclosure relates to
a power distribution with modular circuit elements.

BACKGROUND

Existing power distribution panels typically mclude a set
ol mput terminals 1nterconnected to a set of output power
distribution terminals to distribute power from a power
source to one or more pieces of equipment (e.g., telecom-
munications equipment) at an installation. These power
distribution panels include the connection terminals on one
side of the panel, with circuit protection elements (e.g., fuses
or circuit breakers) mounted on an opposite side of the
panel. In such arrangements, the connection blocks are
connected to the circuit protection elements by wiring
passing through the panel. In some cases, alarm circuits are
included, and are used to generate a notification signal 1n
case one of the circuit protection elements 1s tripped/blown.
In some cases, connection terminals and circuit protection
clements can be included on the same side of the panel as
well.

This panel design has a variety of disadvantages. For
example, such panels typically include a complex wiring
arrangement passing through the body of the panel that 1s
used to interconnect the circuit protection elements and
terminals, as well as the alarm or control circuitry included
in the panel. Furthermore, the mounting arrangement for
cach circuit protection element typically imvolves a screw-
type mount for installing the circuit protection element,
which can be time consuming in either installation or
replacement circumstances. Additionally, because of the
specific mounting sizes and layouts of typical power panels,
exchanging of components, including circuit protection
devices or circuitry, can be dithlicult.

For these and other reasons, improvements to existing
clectrical circuit panels are desirable.

SUMMARY

In accordance with the following disclosure, the above
and other 1ssues are addressed by the following:

In a first aspect, a power panel includes a chassis includ-
ing a top, a bottom, a front, a rear, and leit and right sides,
and including a mput power bus having a plurality of
connection apertures therethrough. The power panel also
includes a plurality of circuit modules mounted within the
chassis. Fach circuit module includes a circuit protection
clement including first and second bullet-nosed connectors,
and a body element having first and second holes positioned
to recerve the first and second bullet-nosed connectors. The
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body element also includes a bullet-nosed input connector
s1zed to be received by one of the plurality of connection

apertures. Each circuit module also includes an output
terminal extending rearwardly from the body element. The
bullet-nosed mput connector is electrically connected to the
first bullet-nosed connector of the circuit protection element
and the output terminal i1s electrically connected to the
second bullet-nosed connector.

In a second aspect, a circuit module useable 1n a power
distribution system 1s disclosed. The module includes a
circuit protection element including first and second bullet-
nosed connectors, and a body element having first and
second holes positioned on a front surface to recerve the first
and second bullet-nosed connectors. The body eclement
includes a bullet-nosed mmput connector and an output ter-
minal extending from a rear surface.

In a third aspect, a method of configuring a power panel
includes inserting a circuit module mto a slot within a
chassis, the chassis having a top, a bottom, a front, a rear,
and left and nght sides and including a mput power bus
having a plurality of connection apertures therethrough. The
method also includes connecting an iput power source to
the mput power bus, and connecting an output power
connection to an output terminal extending rearwardly from
a body element of the circuit module. In the method, the
body element has first and second holes positioned to
receive first and second bullet-nosed connectors of a circuit
protection module, and includes a bullet-nosed input con-
nector sized to be received by one of the plurality of
connection apertures.

In a fourth aspect, a body element of a circuit module 1s
disclosed. The body element includes a main body sized to
be recetved 1nto a slot of a power panel, and a bullet-nosed
input power connection extending rearwardly from the main
body. The body element further includes an output power
bus extending rearwardly from the main body. The body
clement further includes a pair of bullet-nosed connector
receptacles 1n a front side of the main body and spaced apart
to receive bullet-nosed connectors of a circuit protection
module.

In a fifth aspect, a method of assembling a power panel
includes forming a chassis including a top, a bottom, a front,
a rear, and left and right sides, the chassis including a mnput
power bus having a plurality of connection apertures there-
through, and a plurality of slots therethrough. The method
also includes 1nserting a circuit module 1nto a slot within the
chassis, the circuit module including a circuit protection
clement including first and second bullet-nosed connectors
and a body element having first and second holes positioned
on a front surface to receive the first and second bullet-nosed
connectors, the body element 1including a bullet-nosed 1nput
connector and an output terminal extending from a rear
surface. Inserting the circuit module nto the slot connects
the bullet-nosed input connector to the mput power bus.

In a sixth aspect, a chassis for a power panel 1includes a
top, a bottom, an open front, an open rear, and left and right
sides forming a plurality of slots formed between the open
front and open rear. The chassis further includes an 1put
power bus at the open rear and a plurality of angled venting
surfaces along the bottom, each of the angled venting
surfaces including a plurality of venting openings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a front perspective view ol a power distribution
panel with modular circuit protection elements, according to
a possible embodiment;
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FIG. 2 1s a rear perspective view ol the power distribution
panel of FIG. 1;

FIG. 3 1s a bottom perspective view of the power distri-
bution panel of FIG. 1;

FI1G. 4 1s a front perspective view of a power distribution
panel of FIG. 1, with a center control module removed;

FIG. 5 1s a side cutaway view of the power distribution
panel of FIG. 1;

FIG. 6 1s a perspective view ol a circuit module useable
with the power distribution panel of FIG. 1;

FIG. 7 1s a side elevation view of the circuit module of
FIG. 6;

FIG. 8 1s an exploded perspective view of the circuit
module of FIG. 6; and

FIG. 9 15 a side view of the circuit module of FIG. 6.

DETAILED DESCRIPTION

In general, a power distribution panel 1s disclosed. The
power distribution panel, as explained in further detail
below, 1includes a plurality of circuit modules used to dis-
tribute high-current electricity from an input power bus, and
to provide power signal protection in case of a current surge
or other event that 1s potentially hazardous to connected
clectrical equipment. The modules used in the power distri-
bution panel have reduced wiring requirements because each
module can contain a circuit protection device and related
control and alarming electronics. In certain embodiments,
the modules are iterchangeable and upgradeable to allow
for customizable or changeable functionality within the
panel.

Referring now to FIGS. 1-5, a power distribution panel 10
1s shown. The power distribution panel 10 includes a chassis
12 having an interior 13 formed from a top 14, bottom 16,
front 18, rear 20, and left and right sides 22, 24, respectively.
The chassis 12 1s, 1n the embodiment shown, sized to fit into
a compact area, such as a telecommunications distribution
office. In certain embodiments, the chassis 12 1s approxi-
mately 17 inches wide; however, dimensions may vary
according to the particular requirement of the panel.

In the embodiment shown, the chassis 12 includes a
plurality of slots 26 extending through the panel 10, and
s1zed to receive circuit modules 28. Each of the plurality of
slots 26 extends through the chassis 12 to the open rear 20,
so that circuit modules 28 can include portions exposed at
both the front 18 and rear 20 of the chassis 12. Details
regarding an example circuit module 28 are described below
in conjunction with FIGS. 6-9.

In the embodiment shown, the plurality of slots 26 are
separated into a pair of slot banks 30aq, 30b, which are
disposed symmetrically on opposite sides of an opening 32
s1zed and arranged to receive a control unit 34. Although, 1n
the embodiment shown, eight slots 26 are shown 1n each slot
bank 30a-b (1or a total of sixteen slots), the number of slots
included 1n a chassis can vary according to the size of the
modules used and the size or width of the chassis 12.

In the embodiment shown, and as best seen 1n FIG. 3, the
panel 10 also includes a plurality of angled surfaces 36
located along the bottom 16 of the chassis 12. The angled
surfaces 36 each include openings, shown as angled venting
slots 37, which allow airtlow through the chassis 12 for
cooling electronic equipment carried within the panel. In the
embodiment shown, angled surfaces 36 are located below
cach of the slot banks 30q, 305, including at the intersection
of the bottom 16 with the front 18 and lett and right sides 22,
24, and forming a center channel 38 for air circulation along
the bottom 16 runming from the front 18 to the rear 20.
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The angled venting slots 37 and angled surfaces 36 allow
the panel to be placed directly above an adjacent panel,
while preventing lower or underside vents from being closed
ofl and preventing circulation through the panel. In the
arrangement shown, convection currents route cool air
through the panel; cool air tflows into the panel through the
slots 37, up into the interior 13 and out the open rear 20.

Although shown as angled venting slots 37, 1t 1s under-
stood that the openings 1n the angled surfaces 36 can take a
variety of forms. In one alternative embodiment, the angled
surfaces include round or other shaped holes to provide
airflow through the chassis 12. In either arrangement, the
angled surfaces 36 and center channel 38 allow for cooling
of the circuitry and other components internal to the chassis

12.

Within the chassis 12, a bus bar 40 1s disposed along a top
edge of the power panel toward the rear 20, and includes a
plurality of holes 41 sized to receive bullet-nosed connectors
of the circuit modules 28. Each of the plurality of holes 41
in the bus bar 1s aligned with a slot 26, such that each module
can be electrically connected to the bus bar 40 when inserted
into the panel 10.

The bus bar 40, 1n the embodiment shown, provides an
input power source to the circuit modules 28. In the embodi-
ment shown (and particularly as illustrated m FIG. 2), the
bus bar connects to terminals 46 which can be connected to
a battery or other power source. As further seen below, the
input power can be routed through to external equipment via
the modules, and along a return path to the power source. In
the embodiment shown, return connection terminals 47 can
be included in the panel 10 to provide a location for
connecting a return path to a battery or other power supply.

Connection of the input power terminals 46 to a power
source delivers electrical power to the bus bar 40, which 1n
turn provides power through the circuit modules 28. As
described in further detail below, each of the circuit modules
28 1includes corresponding output power terminals, and
circuit protection elements disposed therebetween.

Also included in the chassis 12, a return power bus
arrangement 42 includes a plurality of return power termi-
nals 44. Return power terminals 44 are arranged 1n pairs,
with two return power terminals for each associated slot
used for a circuit module 28. The return power terminals 44
are electrically connected to the return connection terminals
4’7 for completing the circuit connecting the power source to
the equipment powered via the panel 12. Each pair of return
power terminals can be protected by a cover 45, such that
when not being serviced, the mput power terminals can be
covered, preventing inadvertent connection or contact with
the terminals.

As seen most clearly i FIG. §, each slot 26 1s formed
from an opeming 1n the front 18 of the chassis 12, and further
includes a guide 48 formed within the interior 13 and upon
which the circuit module 28 rests when inserted into the
chassis. Additional guides (not shown) can be formed in the
interior 13 alongside the top 14 for guiding each module 28
into a slot. A backplane 49 extending across the panel toward
the rear of the panel 10 provides a location into which circuit
modules 28 can connect to provide electrical or communi-
cative connection between a portion of the circuit module 28
and a control unit 34, as well as circuitry external to the
panel 10. The backplane 49 can provide a plurality of
sockets or other connection locations, with a separate con-
nection location aligned with each slot 26 and located to
receive a corresponding connector on a circuit module
(1llustrated below).
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The control unit 34 includes communication and remote
monitoring circuitry capable of communication with one or
more of the circuit modules 28. The control unit 34 1s
capable of communicative connection to each of the slots 26
and therefore to each circuit module 28 1nserted 1nto a slot,
for example by way of an electrical connection included
within the slot and alongside a back of a circuit module, as
illustrated 1n FIGS. 5 and 6-9, below.

In various embodiments, the control unit 34 can take any
of a number of forms, and 1s upgradeable to provide difler-
ing functionality to the power panel 10. In certain embodi-
ments, the control unit 34 can include alarming functional-
ity, for example for generating a common or discrete alarm
signal upon detection of a tripped/blown circuit protection
clement 1n one of the circuit modules 28, or aggregating
alarm signals from modules present in the panel 10.
Example alarming circuits useable 1n the control unit are
described m U.S. Pat. Nos. 6,775,120, 7,120,002, 78,480,
127, and 7,768,760, the disclosures of which are hereby
incorporated by reference in their entireties. In alternative
embodiments, the control unit can include a programmable
circuit configured to provide remote monitoring and com-
munication with the panel, or can monitor current levels in
cach of the installed modules in the panel 10. In still other
embodiments, the control unit can transmit one or more
settings to the circuit modules 28, such as trip levels for the
circuit protection devices included in those modules. An
example of such functionality 1s described m U.S. Pat. No.
7,554,796, the disclosure of which 1s 1incorporated by ret-
erence herein in its entirety.

The control unit 34, and the panel 12 overall, can include
additional features as well, for communication with and
coordination of the various circuit modules 28 to be included
therein.

Referring now to FIGS. 6-9, additional details of an
example circuit module 28 are shown. The circuit module 28
generally 1s configured to receive mput power from a bus bar
at a bullet-nosed connector location, and route that power to
an output terminal through one or more circuit protection
clements and optional circuitry. The circuit module 28
generally provides a connector-based, unwired arrangement
providing power distribution from the input power bus to a
protected output terminal (discussed 1n further detail below),
used to connect to the equipment. The circuit module 28
provides a combination of high amperage power connec-
tions as well as low voltage connections to the control unit
34, as further discussed below.

In the embodiment shown, the circuit module 28 includes
a circuit protection element 102 interconnected with a body
clement 104. The circuit protection element 102 can be, 1n
various embodiments, a fuse element or circuit breaker
element, and can include a fuse or circuit breaker within a
module including two bullet-nosed circuit connections
106a-b extending rearwardly. In the embodiment shown, the
circuit protection element 102 includes a circuit breaker
integrated therein, and having a breaker switch 108 exposed
at a front side of the circuit protection element 102. In
alternative embodiments, a front portion of the circuit pro-
tection element 102 can include a socket capable of receiv-
ing a fuse, rather than having such a circuit protection device
constructed 1ntegral with the circuit protection element 102.
In other embodiments, the circuit protection element can
provide additional functionality, such as operating at one or
more of a set of selectable trip levels. Other functionalities
can be provided in the circuit protection element 102 as well.

In the embodiment shown, the circuit protection element
102 includes a plurality of signal pins 110 extending rear-
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wardly between the two bullet-nosed connections. The sig-
nal pins 110 can provide a number of functions for the circuit
protection element 102. In certain embodiments, the signal
pins 110 provide alarming functionality for the circuit pro-
tection element 102 by activating upon detection of a blown
fuse or tripped circuit breaker within the circuit protection
clement.

The body element 104 includes a main body 105 from
which extends a rear facing bullet-nosed connector 112
located to connect to the bus bar 40 of the power panel 10.
In the embodiment shown, this bullet-nosed connector 112
1s located along a top side of the main body 105; however,
other arrangements are possible as well. The body element
104 also includes an output power bus 114 extending
rearwardly and including output terminals 116 for connec-
tion of electronic equipment. In the embodiment shown, the
output power bus 114 1ncludes a pair of output terminals on
the output power bus; however, 1n other embodiments, other
numbers ol power terminals could be included.

A cover 118 can be {it over the output terminals 116 of
cach circuit module 28, such that when not 1n use the output
terminals 116 of that circuit module 28 can be covered to
prevent accidental connection to adjacent modules or leads.
In the embodiment shown, the cover 118 is removable to
allow connection of electrical equipment to the output
terminals as needed.

The body element 104 includes a pair of forward facing
bullet-nosed connector receptacles 120q-6 extending into
the main body 105 that are sized and located to receive the
bullet-nosed circuit connections 106a-b of the circuit pro-
tection eclement. When the body element 104 and circuit
protection element 102 are connected, the bullet-nosed con-
nections 106a-b of the circuit protection element insert into
the bullet-nosed connector receptacles 120a-b, thereby con-
necting the circuit breaker or fuse of the circuit protection
clement 102 between the input power connection (the bullet-
nosed connector 112) and output terminals 116 of the body
clement 104. The body element 104 further includes a socket
122 on a front side, facing the circuit protection element 102.
The socket 122 1s configured to receive the signal pins 110
of the circuit protection element 102.

In certain embodiments, the body element 104 includes
guides 124 formed on at least one of a top side and a bottom
side of the main body 105 to assist in guiding the body
clement 1nto a slot 26 of the classis 12. The body element
104 also includes release latches 126a-b positioned along
the front of the main body 105, at the top and bottom. The
release latches 126a-b are operatively attached to at least a
portion of the guides 124, such that when the latches are
depressed the guides change 1n size or position (e.g., width)
due to movement of at least a portion of the guide, and
therefore frictionally hold the body element 104 within a slot
26. Additionally, when toggling the release latches 126a-b to
an open position, a rear edge of each latch will press against
sheet metal within the chassis defining the slot, assisting 1n
withdrawal of the body element 104 from the slot.

In certain embodiments, the body element 104 can
include circuitry either in addition to or as a replacement for
the circuit protection element 102. For example, the body
clement 104 can include circuitry within the main body 105
for interrupting a circuit formed between the mput and
output terminals based on a programmed trip level, as well
as a processor for setting such trip levels. One example of
such a configuration 1s described in U.S. Pat. No. 7,554,796,
the disclosure of which was previously incorporated by
reference. In another example, the body element 104 can
include circuitry for monitoring current drawn through the
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module, or for monitoring one or more alarm conditions
occurring in the module. In still further examples, the body
clement 104 can include circuitry for communicating with
the control unit 34 or systems external to the panel 10. In the
embodiment shown, a connector 134 mounted to a rear side
of the body element 104 can electrically connect to a
backplane (e.g., via a pin and socket or other type of
connection) for forming a communicative connection to the
control unit 34, as well as optionally to external systems.
Other circuitry can be included as well.

In the embodiment shown, the circuit module 28 also
includes a front cover 128 configured to fit over the circuit
protection element 102 and at least partially house that
clement. The front cover 128 includes a tab 130 along a top
edge of the circuit module 28, the tab 130 being configured
to engage a top edge of a slot 26 on the front 18 of the chassis
12. The front cover 128 also includes a pressure latch 132
along a bottom edge of the circuit module 28 used to secure
the circuit protection element 102 and body element 104
within the chassis 12. In the embodiment shown, the cover
128 and pressure latch 132 are made from a resilient plastic
or metal, such that the pressure latch can be compressed to
slide the circuit module 28 into or out from the socket 26. In

certain embodiments, the cover 128 can correspond to a
finger guard arrangement, an example of which 1s illustrated
in U.S. Pat. No. 6,870,729, the disclosure of which 1s hereby
incorporated by reference 1n 1ts entirety. In such an arrange-
ment, the cover can 1include a knock-out portion covering the
opening for the slot 26, but capable of being removed when
a circuit protection element 102 is present.

Referring to FIGS. 1-9 overall, it 1s recognized that
additional features can be included 1n the power distribution
module 10 or circuit modules 28 within the context of the
present disclosure. For example, the circuit modules 28 of
the present disclosure could include a circuit protection
clement lacking any such circuit protection element therein.
In such an arrangement, the circuit protection element can
include a snap-out center element 1n which a circuit breaker
could be inserted. Furthermore, 1n certain embodiments, one
or both of the circuit protection element 102 and the body
clement 104 are replaceable within the panel 10, and there-
fore allow for upgrades in functionality to the panel over
time. For example, an 1mitial configuration could include an
arrangement including a fuse module, and upgrades could
allow a user of the panel 10 to migrate to electronic or
remotely-monitored arrangements including electronic pro-
tection devices (e.g. relays or other electronically-controlled
circuit breakers).

It 1s recognized that the various embodiments of the
present disclosure provide advantages over other power
panel arrangements. For example, 1n certain embodiments
discussed herein, each of the mput and output terminals are
associated with separate covers, rather than an optional
single large cover associated with all of the terminals. This
arrangement provides additional satety when the panel 10 1s
in use, because only those terminals that are being intercon-
nected will be exposed, with the remainder of the terminals
remaining covered to prevent accidental connection between
adjacent terminals. Additionally, because each module
includes separate circuitry for monitoring and circuit pro-
tection, the panel 10 allows a gradual upgrading of compo-
nents to take place, on a module-by-module basis, and
without requiring replacement of the panel overall.

The above specification, examples and data provide a
complete description of the manufacture and use of the
composition of the invention. Since many embodiments of
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the invention can be made without departing from the spirit
and scope of the invention, the invention resides in the
claims hereinafter appended.

The mvention claimed 1s:

1. A circuit module useable a power distribution system,
the module comprising:

a circuit protection element including first and second

bullet-nosed connectors;
a body element having first and second holes positioned
on a front surface to receive the first and second
bullet-nosed connectors, the body element including:
a bullet-nosed 1nput connector and an output terminal
extending from a rear surface; and

an electrical connector on the rear surtace of the body
clement and positioned for connection to a backplane
ol a power panel.

2. The circuit module of claim 1, further comprising a
front cover including one or more pressure latches.

3. The circuit module of claim 1, wherein the body
clement further includes a low voltage connector on the
front surface positioned to receive alarm contacts of the
circuit protection element.

4. The circuit module of claim 1, wherein the body
clement includes circuitry for selectively controlling a plu-
rality of trip levels of the circuit protection element.

5. The circuit module of claim 1, wherein the circuit
protection element 1s a circuit breaker.

6. The circuit module of claim 1, wherein the circuit
protection element 1s a fuse.

7. The circuit module of claim 1, further comprising a
terminal cover arranged to fit over the output terminal.

8. A body element of a circuit module comprising;

a main body sized to be received mto a slot of a power

panel;

a bullet-nosed mput power connection extending rear-
wardly from the main body;

an output power bus extending rearwardly from the main
body, the output power bus including an output termi-
nal;

an electrical connector on a rear side of the main body and
positioned for connection to a backplane of a power
panel; and

a pair ol bullet-nosed connector receptacles 1n a front side
of the main body, the pair of bullet nosed connector
receptacles spaced apart to receive bullet-nosed con-
nectors ol a circuit protection module.

9. The body element of claim 8, further comprising a
socket on the front side of the main body positioned to
receive signal pins of a circuit protection module.

10. The body element of claim 8, further comprising:

a guide positioned along an edge of the body element; and

a release latch operatively connected to the guide, the
release latch configured to move the guide to friction-
ally retain the body element within a slot of a power
panel.

11. The body element of claim 8, further comprising a

cover positioned over the output terminal.

12. A body element of a circuit module comprising:

a main body sized to be received 1nto a slot of a power
panel;

a socket on the front side of the main body positioned to
receive signal pins of a circuit protection module;

a guide positioned along an edge of the main body;

a release latch operatively connected to the guide, the
release latch configured to move the guide to friction-
ally retain the body element within a slot of a power
panel;
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a bullet-nosed mput power connection extending rear-
wardly from the main body;

an output power bus extending rearwardly from the main
body, the output power bus including an output termi-
nal; and

a pair of bullet-nosed connector receptacles 1n a front side
of the main body, the pair of bullet nosed connector

receptacles spaced apart to receive bullet-nosed con-
nectors of a circuit protection module.
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